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This paper descr ibes  t h e  design of t h e  f i rs t  

German satel l i te  and i t s  appl ica t ion  i n  space re- 
search. A survey of t h e  power supply, a t t i t u d e  
control,  s t a b i l i z a t i o n ,  and telemetry systems i s  
given. 
cations,  meteorological, or geodetic sa te l l i t e  
are described. 

The p o s s i b i l i t i e s  of i t s  use as a communi- 

4 U-i-tf6h-l 
The f irst  German a r t i f i c i a l  e a r t h  sa te l l i t e  w i l l  be des,gned as a 

Jersatile instrument for solving s c i e n t i f i c  problems and performing com- 
Imercial t asks .  
primary importance, t h e  s a t e l l i t e  w i l l  be used for several years for re- 
search i n  t h i s  area. At preplanned d i s t ances  from t h e  e a r t h  it w i l l  cor 
t inuous ly  acquire d a t a  and make observations t h a t  w i l l  be used i n  t h e  
so lu t ion  of problems of space t r a v e l  technology and o the r  r e l a t ed  re- 
search. 
w i l l  allow t h e  s a t e l l i t e  t o  be used f o r  commercial assignments such as 
message transmission, e a r t h  surveys, navigation, and meteorological ob- 
servation. 

IresearcB on t h e  bas i c  problems involved in :  a) t h e  construction of a 
icapsuJe f o r  space research  instruments and provision of t h e  necessary 

Since t h e  s c i e n t i f i c  problems of space t r a v e l  a r e  of 

Replacement of t h e  s c i e n t i f i c  instruments by s u i t a b l e  equipment 

The design of t h e  f i r s t  German a r t i f i c i a l  e a r t h  s a t e l l i t e  began w i t  

*for temperature control,  pos i t ion  ind ica t ion ,  and space o r i e n t a t i c  
b) d a t a  transmission from t h e  satel l i te  and recept ion  of com- 

from t h e  ground cont ro l  s t a t ion ;  e )  i n s e r t i o n  of experimen- 
material specimens i n t o  a r een t ry  capsule and launching it 

from t h e  s a t e l l i t e  t o  e a r t h  f o r  recovery wi th  contents undamaged by 
aunch, t r i p  or landing; d )  l a te r  commercial use of t h e  satel l i te  t h a t  
u s t  no t  be r e s t r i c t e d  by t h e  former research mission. 
ata and c h a r a c t e r i s t i c s  have been included i n  t h e  plans for t h e  f i rs t  
f f i v e  satellites: 

The following 

The o r b i t  w i l l  be e l l i p t i c a l  with an i n c l i n a t i o n  of about 15' 
toward t h e  e a r t h ' s  axis; t h e  d is tance  from t h e  e a r t h  w i l l  be 
400 km a t  t h e  perigee, and 900 km a t  t h e  apogee. 
i s  expected t o  be about four to f i v e  years.  

The l ifetime 
The weight of t h e  

PTranslated from Raketentechnik . ~ - - ~ ~ l _ l _ - - - -  und RaumfahrtforschungJ 3, 193. 
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satel l i te  w i l l  be about 1,500 kg of which 1000 kg are a l l o -  , 

cated f o r  t h e  s t r u c t u r e  and a u x i l i a r y  equipment, 250 kg f o r  
research  instruments, and 250 kg f o r  t h e  r een t ry  body and t h e  
instrument capsule. Power w i l l  be supplied by a s o l a r  gener- 
a t i n g  p lan t .  The axes of t h e  sa te l l i t e  are s t ab i l i zed  i n  re- 
l a t i o n  t o  space and t h e  symmetrical a x i s  i s  d i r ec t ed  a t  t h e  
sun while t h e  o the r  two coordinate axes w i l l  be held i n  t h e i r  
d i r e c t i o n s  with t h e  a id  of two conspicuous stars i n  t h e  v ic in-  
i t y  of t h e  e c l i p t i c  poles.  

Space o r i en ta t ion  of t h e  axes i s  accomplished wi th  t h e  a i d  of a syt 
;em of sun and star sensors. The axes are a l ined  and s t a b i l i z e d  i n  t h e  

/predetermined d i r e c t i o n s  by gas r eac t ion  and ion  s t ee r ing  d r ives .  

1 
/two compartments f o r  t h e  research  instruments. The r een t ry  body with t l  
:instrument capsule i s  joined t o  t h i s .  Upon command t h e  r een t ry  body sei 
larates from t h e  s a t e l l i t e ,  and i s  recovered by aerial capture or r e -  
: tr ievaL from t h e  sea. The s a t e l l i t e ,  however, remains i n  i t s  o r b i t .  A: 
/ d e t a i l s  of t h e  f i rs t  German a r t i f i c i a l  e a r t h  satel l i te  are planned t o  
secure t h e  b e s t  poss ib le  r e l i a b i l i t y ,  a d a p t a b i l i t y  f o r  a v a r i e t y  of scic 
t i f i c  problems and commercial tasks, l ightweight and compact body s t ruc .  
ture,  and d u r a b i l i t y  of t h e  a u x i l i a r y  equipment. 

The satel l i te  body contains a c e n t r a l  operations compartment and 

The proposed satel l i te  w i l l  cons i s t  of t h e  following p r i n c i p a l  coma 
ponents: sa te l l i te  body, r e e n t r y  body wi th  instrument capsule, power 
'generating p l an t  cons is t ing  of an energy converter and a s o l a r  mirror,  
lsolar and star sensors, gas r eac t ion  and e l e c t r i c a l  d r ives ,  extension 
/mechanism f o r  t h e  energy converter, and containers f o r  t h e  converter prc 
/pulsion f l u i d  and propel lan t  gases (Figure 1). The two main p a r t s  of  t l  
satell i te,  t h e  body and t h e  energy converter, are assembled i n  t h e  shapc 
of a bar b e l l  wi th  t h e  s o l a r  mir ror  mounted a t  t h e  center  of g r a v i t y  of 
t h e  system. 

omenta about t h e  center  of grav i ty ,  which may be caused by various d i s .  
urbing fo rces  (Figure 2). 

This arrangement of t h e  components minimizes t h e  angular 

The gas r eac t ion  and ion d r i v e s  mounted on 
t h e  energy converter have t h e  longes t  dimension of t h e  sa te l l i t e  f o r  
leverage purposes. 
f l u i d  l i n e s  and e l e c t r i c a l  l eads  can be kept shor t .  The sensors are 

An add i t iona l  advantage of t h i s  l oca t ion  i s  t h a t  tht 

unted behind a hea t  sh ie ld  near t h e  s t e e r i n g  d r i v e s  above t h e  t i p  of 
e conica l  r ad ia to r .  A complementary coarse sensor, mounted next t o  

' the r een t ry  body, surveys space i n  t h e  d i r e c t i o n  opposed t o  t h e  sun. 

On both s ides  of t h e  r ad ia to r ,  p a i r s  of gas  and ion  d r i v e s  are pro. 
They w i l l  be used to lvided on a l e v e l  wi th  t h e  center  of t he  absorber. 

/control roll about t h e  sun-oriented symmetrical axis of t h e  satellite. 

momenta l i e  i n i t i a l l y  beside t h e  r a d i a t o r  and a r e  held i n  t h i s  
ex tens ib le  arms on which t h e  d r i v e s  are mounted t o  increase  t h e i r  

o s i t i o n  by t h e  ou te r  s a t e l l i t e  s h e l l .  
i...-- _11_.-1-- - 
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operating compart.1 1 
1s t  and 2nd i n s t r u  I 

S a t e l l i t e  body ment compartment. , 
Reentry body wi th  1 1 

instrument capsule1 

Coarse sensor 
Axis of symmetry or sun- 
/or ien ted  z-axis. 

I Figure 1. Schematic of t h e  Proposed S a t e l l i t e  and Equipment 
I 

1 

F l i g h t  r e s i s t ance  
I 
I 'Center of g r a v i t  

g r a v i t a t i o n a l  fo rces  
i f f e rence  of t h e  Difference of t h e  
e n t r i f u g a l  fo rces  

P Figure 2. Mass Dis t r ibu t ion  and Disturbing Forces 
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Work f l u i d  and-propellant gas r e se rvo i r s  are placed i n s i d e  t h e  heaf 
:xchanger and on t h e  satel l i te  body i n  t h e  shade of t h e  energy convertel 
.n t h e  center  of t h e  s o l a r  mirror.  

This arrangement f o r  t h e  pos i t ion ing  of t h e  satel l i te  components ai 
;he o r i en ta t ion  of t h e  satel l i te  axis to-mrd t h e  sun places t h e  satell i i  
lady i n  t h e  shade of t h e  s o l a r  mirror.  The f a c t  t h a t  t h e  sa te l l i t e  i s  
lot exposed t o  t h e  sun i s  an advantage s ince  it f a c i l i t a t e s  cooling of 
;he operating and measuring compartments, which i s  made I4ecessary by thc 
ieat generated i n  t h e  instruments. 

Figure 3. P r i n c i p l e  of Ref lec tor  Construction 

The s o l a r  mir ror  w i l l  unfold after a t i m e  i n t e r v a l  during which a 
:oarse t h r u s t  system can s top  any r o t a r y  motion of t h e  satel l i te  t h a t  m; 
lave been caused by t h e  separation. The unfolding w i l l  occur i n  t h e  fo: 
-owing manner (Figure 4). 

. -_ .. ~ 

Figure 4. Opening of t h e  Parabol ic  Mirror 
~ ~ . - - -  _..I - ~ - - - - - . . ~ ~ - ~  
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( 1  

i l  1 
r- 1. The energy converter which, u n t i l  t h e  des t ina t ion  has been 
reached, i s  p a r t  of t h e  satel l i te  module, i s  placed near i t s  f i n a l  posi-  

P i t c h  and yaw motions of t h e  satel l i te  are reduced as much as 
i t ion  by a t e l e scop ic  mechanism, i 

j 1 
I 

2. 

3. The t o r i c  s t a b i l i z e r  lobe i s  i n f l a t e d  with compressed gas, 
4. 

poss ib le  by t h e  ac t ion  of t h e  gas jets, 

Formation of expanded p l a s t i c  foam from material contained be- 
tween t h e  double w a l l s  of t h e  t o r u s  i s  begun, 

I 5. Af ter  t h e  foam i n  t h e  t o r u s  has s o l i d i f i e d ,  t h e  energy converte 
/ i s  moved t o  i t s  f i n a l  pos i t ion ,  which t i g h t e n s  t h e  guy wires of t h e  t o r u  
t 6. Compressed air  i s  blown between t h e  aluminum-coated r e f l e c t o r  
i f o i l  and t h e  cover f o i l ;  t h e  r e f l e c t o r  f o i l  assumes t h e  shape of a parabt j 
1 oloid , 
i 7. T h e . p l a s t i c  foam base i n  t h e  double-walled mir ror  i s  made t o  
/ swel l  and so l id i fy ,  and 
I 8. The cover f o i l  i s  cu t  off by embedded heat wires, and then  1 r 
i ro l led  up by b u i l t - i n  springs. 

1 
/ t h e  paraboloid i s  1.19 m, and i t s  f o c a l  l eng th  i s  4.75 m. The e l e c t r i c  t 
/power generating p l a n t  i s  put  i n t o  serv ice  after t h e  mirror axis has beeb 1 
\pointed toward t h e  sun. ’ 

t i o n  w i l l  be timed t o  coincide wi th  t h e  satel l i te’s  
shadow and e n t r y  i n t o  t h a t  p a r t  of i t s  o r b i t  which 

be pu t  under full load. 

I 

The diameter of t h e  mir ror  w i th  t h e  t o r u s  i s  10.3 m, t h e  depth of 

About 75 minutes pass from t h e  beginning of 

For t h i s  reason t h e  start of generating opera- 
loperation t o  full charge of t h e  regenerator when t h e  generating p l an t  ea 

The energy converter cons i s t s  of absorber, turbo-generator (homo- 
polar  induction generator),  condensate pump, separator,  and r a d i a t o r  
(Figure 5 ) .  The energy or work f l u i d  i s  mercury used i n  a Claus ius-  
Rankine cycle. 
hollow sphere, coated on t h e  in s ide  wi th  a g r id  of t i t an ium shee t  s t r i p s  
The water-tube type b o i l e r  i s  embedded i n  l i t h ium hydride which serves 
t h e  s a t e l l i t e  as hea t  accumulator for t h e  passage through t h e  o r b i t a l  
shadow zone. 
shade and i n  case of overheating, while t h e  absorber i tself  t r a n s f e r s  

Iheat from t h e  foca l  plane of t h e  mirror t o  t h e  generating p l an t .  The 
mercury i s  heated, vaporized, and then superheated i n  the  r ad ia to r .  I 
lafter passing through t h e  separa tor  for removal of t h e  l i q u i d  phase, it 
e n t e r s  t h e  tu rb ine  where it l o s e s  i t s  pressure by performing 
then condenses i n  t h e  f irst  sec t ion  of t h e  r a d i a t o r  and i s  undercooled 
i n  an immediately adjoining cooler t o  avoid cavi ta t ion .  A combination 
j e t  and cen t r i fuga l  pump re tu rns  t h e  condensate t o  t h e  
generator and pump combination are assembled i n  one vacuum-tight block. 
Mercury i s  a l s o  used for t h e  generator r a d i a t o r  and fo r  l u b r i c a t i o n  of 
Ithe bearings; for t hese  purposes it flows through s p e c i a l  tubes  which are 
jconnected t o  t h e  main c i r c u l a t i o n  system. I pipe system wi th  cooling f i n s  and shee t  steel s t r i p s  t o  p ro tec t  t h e  pip5s 

The absorber (mean operating temperature 6 7 5 O  C )  i s  a 

The absorber aper ture  c loses  automatically i n  t h e  e a r t h ’ s  

I The r a d i a t o r  cons i s t s  of a 

1.- ~ 



1-Reflector; 2-Absorber-boilerY 41.2 kw t r ans fe r r ed  t o  working medium; 
3-Regenerator; &Separator; 5-Mercury lubr ica ted  bearing; 6-output 
f i v e  kw; 7-Voltage and frequency regula tor ;  8-Heat exchanger, P a r t  I, 
condenser; 
33.6 kw; 11-Centrifugal pump; 12-Heat t o  be d iss ipa ted ,  2.49 kw; 
13-Heat exchanger, P a r t  11, cooler; 14-Jet pump; 15-Reservoir. 

9-Generator c o d e r  ( r a d i a t o r )  ; 10-Heat to be d i s s ipa t ed ,  

Mercury Operation Ci rcu la t ion  
Mercury Lubricant Ci rcu la t ion  

Figure 5. Satel l i te  Power Generating P lan t  Components 

From per fora t ion  by meteorites.  If per fora t ion  should occur, t h e  pipe 
aould be cu t  o f f  from c i r c u l a t i o n  by automatic valves. 

The generating p l an t  fu rn i shes  5 kw during t h e  l i f e  of t h e  satell i l  
Ilhe output cur ren t  can be e i t h e r  a l l  three-phase 110 v ac or p a r t  of it 
nay be 28 v de. The s p e c i f i c  output of t h e  p l a n t  ( including t h e  s o l a r  

n i r ro r )  i s  5.25 x 
so la r  r a d i a t i o n  divided by output) i s  about 5 percent. 

kw/kg and i t s  t h e o r e t i c a l  e f f i c i ency  ( inc ident  

A system of three types  of sun and star sensors o r i e n t s  t h e  satel- 
l i t e  axes i n  space (Figure 6)- The coarse sensor measures t h e  devia t io i  
3f t h e  satel l i te  symmetry axis from t h e  d i r e c t i o n  of t h e  sun wi th  an ac. 
curacy of So. The f i n e  sensor improves t h e  accuracy of t h e  measuremenl 
to  about 1' of a r c  and maintains t h e  co r rec t  o r i e n t a t i o n  t o  S 3 '  during 
the l i f e  of t h e  Satellite. The star sensors by guiding on two stars mal 
it poss ib le  t o  a l i n e  one of t h e  coordinate axes of t h e  satel l i te  with tl. 
pole of the  e c l i p t i c  to fro. 



zone 

Fine sensor 
zone 

Coarse sensor 
zone 

*Coarse sensor 
zone 

Figure 6. Sensor Zones of t h e  S a t e l l i t e  

These axes are perpendicular t o  the  a x i s  of symmetry. Coarse and 
f i n e  ve rn ie r  engines ( t h r u s t  systems) which are shown schematically i n  
Figure 7 o r i e n t  and s t a b i l i z e  t h e  axes i n  t h e  desired d i r ec t ions .  

Nitrogen-operated s t ee r ing  engines wi th  a t h r u s t  of 20 t o  40 pond' form 
the coarse ve rn ie r  system (coarse t h r u s t  con t ro l  system). This system 
soes i n t o  ac t ion  when t h e  s a t e l l i t e  e n t e r s  i n t o  o r b i t ,  during s t a r t i n g  
Dperations, and if ex te rna l  fo rces  cause complete d i so r i en ta t ion .  The 
f i n e  ve rn ie r  engines ( f i n e  t h r u s t  system), however, operate continuousl: 
3.uring the  s a t e l l i t e  l i f e  t o  compensate f o r  e f f e c t s  of d i s tu rb ing  force: 
I t  i s  planned t o  use ion  propulsion f o r  t hese  vern ier  engines. They re. 
q u i r e  about 1.8 kw and t h e i r  t h r u s t  i s  about 1 pond. 
sa te l l i t e  body cons i s t s  of t h ree  p a r t s .  The p a r t  neares t  t h e  mirror i s  
the operating compartment, t h e  o the r  two are t h e  first and second meas- 
uring compartments. The l a t t e r  c a r r i e s  t h e  r een t ry  body wi th  t h e  i n s t r i  
ment capsule. The compartments are vacuum-tight and are fastened on a 
hollow axle  on which they can be ro t a t ed  and held i n  pos i t i on  with an 
accuracy of 51/2O through 1800. Wherever necessary, measuring and expe: 
mental apparatus i n  t h e  instrument compartments are mounted i n  swivel 
bearings so t h a t  they can observe i n  any des i red  d i r e c t i o n  i n  space. I 1  
a l l  compartments a n i t rogen  atmosphere under a pressure of 1-2 a t m  i s  
maintained a t  a temperature between 20° C and >Oo C by an air  conditiont 
with a 1.4 kw cooling capacity. 
the  first satel l i te  w i l l  be modified i n  later years.  

The c y l i n d r i c a l  

Table I shows how t h i s  arrangement of  

1 
Metric force  measurement. 1 pond = 981 dynes. 

-----*---- 
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Figure 7. Vernier Engine Arrangement f o r  At t i tude  Control 

While t h e  f irst  satel l i te  has no propulsion f o r  o r b i t a l  change, it 
i s  planned t o  equip t h e  next one wi th  a s o l i d  f u e l  dr ive .  It i s  plannec 
f o r  t h i s  sa te l l i te  t o  a t t a i n  i n  increments by Hohmann t r a n s i t i o n s  an or 
b i t  3,000 km beyond t h e  standard o r b i t  with a perigee of 400 km and an 
apogee of 900 km. The behavior of s t e e r i n g  and pos i t i on - s t ab i l i z ing  sy 
tems during t h e  propulsion phase, and problems of space rendezvous w i l l  
be studied with t h e  a id  of t hese  o r b i t  changes. I n  addi t ion  d a t a  w i l l  ' 
obtained a t  varying d i s t ances  from t h e  ea r th .  E l e c t r i c a l  propulsion i s  
being considered f o r  t h e  t h i r d  and fou r th  satell i tes.  The d r i v e  w i l l  
operate f o r  a shor t  i n t e r v a l  during every t i m e  i n  perigee, t hus  extendi. 
tbe o r b i t  i n  apogee f u r t h e r  and f u r t h e r  u n t i l  an e l l i p t i c  space probe 
t r a j e c t o r y  i s  achieved. 

For t h e  f i f t h  s a t e l l i t e  an e l e c t r i c  propulsion u n i t  wi th  an e f f i -  
c i e n t  nuclear generating p l a n t  i s  i n  t h e  planning stage.  The e l l i p t i c  
o r b i t  w i l l  be changed gradually u n t i l  escape ve loc i ty  i s  reached. 
been mentioned t h a t  t h e  satel l i te  i s  s u i t a b l e  f o r  modification f o r  use  
comunication, weather forecas t ing ,  e t c .  

It h, 

P a r t i c u l a r  advantages are t h a t  t h e  e f f i c i ency  of t h e  generating 
p l an t  i s  very high by comparison wi th  t h a t  of previously b u i l t  satellit1 
and t h e  a t t i t u d e  s t a b i l i z a t i o n  i s  s u f f i c i e n t  f o r  most appl ica t ions .  It 
i s  possible,  however, t o  a t t a i n  by cu r ren t ly  employed means s t i l l  highe: 
prec is ion  of a t t i t u d e  s t a b i l i z a t i o n  if  t h e  need should arise. 

We hope t o  have shown by t h i s  plan for a German a r t i f i c i a l  e a r t h  
satel l i te  t h a t  it i s  poss ib le  for t h e  Federal  Republic t o  p a r t i c i p a t e  
a c t i v e l y  i n  t h e  explora t ion  of space and t h e  g r e a t  commercial p o s s i b i l i  
t i e s  offered by space travel.  It i s  t o  be expected t h a t  t h e  construeti1 
of t h i s  f i rs t  satel l i te  w i l l  be considered as proof of t echn ica l  capabi 
i t y ,  and w i l l  resul t  i n  good i n d u s t r i a l  p u b l i c i t y  f o r  t h e  Federal  Repub 
l i e .  It w i l l  a l s o  e l imina te  t h e  danger of nonpar t ic ipa t ion  i n  t h e  deve. 
opment of new technologies and techniques (Figure 8). 



Figure 8. The S a t e l l i t e  i n  O r b i t  
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